Abstract. To solve the current problems occurred in Jiaokou irrigation area, and to realize sustainable utilization of water resources, this article proposes several water resource allocation plans, based on water supply and demand calculation in the area. A model is used to simulate these plans. The results shows that using groundwater and surface water at the ratio of 2:1 during spring and winter irrigation time, the maximum drawdown is about 10m after 50 years. Considering Hanjiang-to-Weihe River Water Transfers Project, if water quality of Weihe River recovers in 2040, it will take 20 years to recover the water level. If water quality of Weihe River recovers in 2050, it will take 30 years to recover the water level. After recovery of water level, a final allocation plan is proposed to prevent salinization.
Introduction
China's vast territory and complicated natural conditions lead to notable interannual and interdecadal changes of water resources, which resulted in frequent floods and droughts, and a scant supply of water in dry years and seasons. Since the 1970s, water shortage in agriculture, industry and cities has become a widespread phenomenon. From 1959 to 2010, average annual drought farmland covers an area of 2.323×10 5 km 2 [1] . Currently, there are more than 300 Chinese cities facing the problem of water shortage due to various reasons, and the area of farmland without irrigation has reached 6.7×10 4 km 2 . According to a preliminary forecast, China's water deficit will reach 100 billion m 3 by 2030 [2] . In the year 2013 for China, 63.4% water is used for agriculture, 22.7% for industry, 12.2% for life, and 1.7% for ecology. Compared with advanced countries, the proportion of agriculture use of water is bigger, and water use efficiency is low [3] . Therefore, reasonable allocation of water resources, which can alleviate the contradiction between supply and demand of water by controlling water resources distribution, is an important way to solve water crisis and realize the sustainable utilization of water [4] .
Study area
Jiaokou irrigation district is located in mid-east Shaanxi Province, northwest China. The district's latitude ranges from 34°33'20'' to 34°50'00''N, while its longitude ranges from 109°15'25'' to 109°48'45''E, covering the irrigated area of approximately 842 km 2 [5] . The irrigation water mainly comes from Weihe river. In recent years, water quality of Weihe river is becoming worse and worse due to the unreasonable development and utilization of river water, and the constantly discharge of industrial and domestic wastewater [6, 7] . Unreasonable development and utilization of upstream Weihe river also causes an insufficient supply of irrigation water in summer. Because surface water is used for irrigation for a long time, groundwater level rises sharply. So waterlogging disasters may happen. Therefore, the objective of this study is to solve this problem by adopting proper water allocation plan.
Calculation of water supply and demand
A reasonable allocation of water resources plan should, first of all, meet crop water requirements. Based on irrigation quotas of different crops, total amount of required water in jiaokou during the irrigation period can be calculated. The total water demand is 1.4619×10 4 m 3 /a. There are four main kinds of crops in the district, wheat, corn, cotton and fruit trees. Wheat, cotton and fruit trees are summer crops, while corn, cotton and fruit trees are autumn crops. Then, monthly water demand during the irrigation period can be calculated. Combined with the collected data, water supply and water demand is shown in table 1. It can be seen that the total amount of irrigation water is sufficient. In spring (February, march, April and May) and winter (January, November, December) irrigation water is sufficient. But in summer irrigation water is insufficient. The shortage of water in June is 667.7406×10 4 m 3 , in July 75.7603×10 4 m 3 . This is caused by two reasons. First, there isn't enough flow in weihe river. Second, sediment concentration in river water is too high, which makes the irrigation system unable to work.
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Allocation plan
In recent years, water quality of Weihe river is becoming worse and worse. If Jiaokou uses it for a long time, groundwater may be polluted, and drinking water safety in the area will be influenced. So for the status quo of jiaokou irrigation area, moderately reducing the use of river water from weihe river, and increasing the exploitation of groundwater becomes necessary. Because it will not only protect groundwater in jiaokou district, but at the same time, when groundwater level declines, waterlogging disasters will be avoided.
As water quality of weihe river in wet season is slightly better, and summer irrigation water isn't enough, surface water must be used during summer irrigation to meet water requirement. So the scheme is proposed to reduce getting water from weihe river during spring and winter irrigation time.
Scheme one
Use groundwater during spring and winter irrigation time. See table 2. 
Scheme two
Use groundwater and surface water at the ratio of 2:1 during spring and winter irrigation time. See table 3.
Simulation
The simulated area is bound to the west by Shichuanhe River, to the east by Luohe River, to the south by weihe River, and to the north by the edge of fuping-pucheng tableland. The water used to irrigate in the area is phreatic water, so the aquifer system is conceptualized as a layer, namely the unconfined aquifer.
To study the changes of groundwater level under different irrigation conditions, meteorological, hydrological, hydrogeological and other related data were collected. These data were used to establish a twodimensional transient model of groundwater in the study area. The result of model calibration and verification is acceptable. 
Scheme one
Running the established model for 50 years, the result shows that scheme one will resulted in a serious drawdown of water table .The maximum drawdown is more than 25m. Except floodplain, water depth in the area is bigger than 20m. According to previous research, when the maximum drawdown is small than half of the aquifer thickness [8] , it's acceptable. Otherwise, it will cause problems such as groundwater exploitation difficulty and deterioration of groundwater quality. According to the collected data, aquifer thickness in jiaokou irrigation area ranges from 30m to 50m. So 15m is regarded as the maximum acceptable drop for groundwater level. In scheme one, the biggest drop is bigger than 15m, which means that this plan is not appropriate. 
Scheme two
For scheme two, the maximum drawdown is about 10m after 50 years. Buried depth of water table is generally between 5m and 30m, which will not lead to salinization. According to field investigation in 2013, depths of most wells in jiaokou irrigation area are more than 40m, so the buried depth of water table is appropriate, and scheme two can be adopted. 
Allocation plan
When water quality of Weihe River is recovered, the first problem that should be resolved is the recovery of water table. This period of time is called the recovery period.
Scheme one
It's assumed that water quality of Weihe River will recover after 10 years of operation of Hanjiang-to-Weihe River Water Transfers Project (2040).
After 2040, surface water is used to irrigate in most times, groundwater is only used during summer irrigation time. Therefore, the plan proposed in 4.1.2 is used before 2040. After 2040, table 4 is used to allocate water resources.
Scheme two
It's assumed that water quality of Weihe River will recover after 20 years of operation of Hanjiang-to-Weihe River Water Transfers Project (2050).
Same as scheme one, the plan proposed in 4.1.2 is used before 2050. After 2050, table 5 is used to allocate water resources. 
Simulation

Scheme one
The plan is simulated by the model for 20 years. The result shows that water level drawdown is less than 1m in most places compared to initial water level, which means the water level has been restored basically. 
Scheme two
The plan is simulated by the model for 30 years. It's obvious that water level drawdown is less than 1m in most places compared to initial water level, which means the water level has been restored basically. 
After recovery period
After the recovery of water level, a new water resources allocation scheme is needed to prevent secondary salinization. According to the simulation results before, the change of water level in 50 years is basically within 1m, with the trend of slightly downward. Therefore, after the recovery of water level, a new water resources allocation plan is put forward. See table 6. The new plan is adjusted from two aspects: 1. Increase the exploitation of groundwater in summer irrigation time to meet the water requirement of crops. 2. In spring and winter irrigation time, reduce water diversion at head works. Table 1 shows that the current water supply exceeds crop water requirement more than 500 m 3 each year. So this part of water is reduced to save water. Thus, not only water requirement of crops can be satisfied, but also water level will decrease.
Simulation result shows that after 50 years, water level will decrease for a certain degree. The maximum drawdown is about 5m. The buried depth is basically more than 3m. And water field is stable. So the plan is appropriate. 
Conclusions
(1)Crop water requirement is calculated. Except September and October, water is needed to irrigate. Annual amount of irrigation water reaches 1.46×108m 3 . (2)Water quality of Weihe river is becoming worse and worse. So in summer irrigation time, groundwater only supplies the insufficient part of surface water irrigation. Use groundwater and surface water at the ratio of 2:1 during spring and winter irrigation time. According to simulation, this scheme is feasible. (3)Considering Hanjiang-to-Weihe River Water Transfers Project, if water quality of Weihe River recovers in 2040, it will take 20 years to recover the water level. If water quality of Weihe River recovers in 2050, it will take 30 years to recover the water level. After recovery of water level, a new allocation plan is proposed to prevent salinization. In the plan, excess amount of water is cut down and more groundwater is used to irrigate. According to simulation, water level meets the requirements of critical water level. The plan is adoptable.
